Background
The long-term safety and efficacy of drug-eluting coronary stents have been questioned.
Methods
We evaluated 47,967 patients in Sweden who received a coronary stent and were entered into the Swedish Coronary Angiography and Angioplasty Registry between 2003 and 2006 and for whom complete follow-up data were available for 1 to 5 years (mean, 2.7). In the primary analysis, we compared patients who received one drugeluting coronary stent (10,294 patients) with those who received one bare-metal stent (18,659), after adjustment for differences in clinical characteristics of the patients and characteristics of the vessels and lesions.
Results
Analyses of outcome were based on 2380 deaths and 3198 myocardial infarctions. There was no overall difference between the group that received drug-eluting stents and the group that received bare-metal stents in the combined end point of death or myocardial infarction (relative risk with drug-eluting stents, 0.96; 95% confidence interval [CI] , 0.89 to 1.03) or the individual end points of death (relative risk, 0.94; 95% CI, 0.85 to 1.05) and myocardial infarction (relative risk, 0.97; 95% CI, 0.88 to 1.06), and there was no significant difference in outcome among subgroups stratified according to the indication for stent implantation. Patients who received drugeluting stents in 2003 had a significantly higher rate of late events than patients who received bare-metal stents in the same year, but we did not observe any difference in outcome among patients treated in later years. The average rate of restenosis during the first year was 3.0 events per 100 patient-years with drug-eluting stents versus 4.7 with bare-metal stents (adjusted relative risk, 0.43; 95% CI, 0.36 to 0.52); 39 patients would need to be treated with drug-eluting stents to prevent one case of restenosis. Among high-risk patients, the adjusted risk of restenosis was 74% lower with drug-eluting stents than with bare-metal stents, and only 10 lesions would need to be treated to prevent one case of restenosis. P rospective, randomized clinical trials and meta-analyses have shown that rates of target-lesion revascularization are unequivocally lower with drug-eluting coronary stents than with bare-metal stents and that rates of death and myocardial infarction are similar. [1] [2] [3] [4] However, no randomized trials have been prospectively designed and powered for the evaluation of rare outcome events during very-long-term follow-up. Drug-eluting stents are also widely used in broader populations than those specified by the Food and Drug Administration (FDA) and for indications that are not approved by the FDA on the basis of prospective, randomized trials. Registry studies have also suggested that rates of death and myocardial infarction with drug-eluting stents are similar to or lower than those with bare-metal stents, [5] [6] [7] but these studies have shown trends toward increased rates of late events with drugeluting stents after discontinuation of clopidogrel therapy. 8 Although the risk of stent thrombosis is highest early after stent implantation, incomplete neointimal coverage and hypersensitivity reactions from the polymers may increase the risk of late stent thrombosis. 9 Therefore, very-long-term follow-up after cessation of dual antiplatelet therapy in large patient cohorts is important.
We have previously reported the outcomes among all patients who received coronary stents in Sweden during the 2003-2004 period, as recorded in the Swedish Coronary Angiography and Angioplasty Registry (SCAAR). Our results indicated that there was an increase in late mortality among patients who received a drug-eluting stent. 10 To obtain a more reliable estimate of the long-term outcome and efficacy, we have now extended the study to include all patients in Sweden who received a stent during the [2003] [2004] [2005] [2006] period for whom at least 1 year of followup until the end of 2007 was available. We have also focused primarily on patients who received only one drug-eluting stent as compared with those who received one bare-metal stent, thereby allowing the adjustment for characteristics of lesions and stents in addition to characteristics of patients.
Me thods

Study Population
In the present study, we included all patients in Sweden who had received a coronary stent during the period from January 1, 2003 , through December 31, 2006 , and for whom follow-up data were available for at least 1 year and up to 5 years. The analyses were based on the type of stent implanted at the first recorded procedure. In the primary analysis, patients who received only one drugeluting stent at the initial percutaneous coronary intervention (PCI) were compared with patients who received only one bare-metal stent. In a secondary analysis, all patients who received any stent were included. For these analyses, patients who received at least one drug-eluting stent were assigned to the drug-eluting-stent group, regardless of whether they received a stent of another type at any time; all other patients were assigned to the bare-metal-stent group.
The SCAAR Data
The SCAAR records information on consecutive patients from all 29 centers that perform coronary angiography and PCI in Sweden. The list of the most important variables is shown in Table 1 . 11 Patients were informed about the registration, but written informed consent is not required by Swedish law.
Long-term follow-up data were obtained by merging the SCAAR database with other national registries on the basis of the unique 10-digit personal identification number that all Swedish citizens have. Vital status and date of death were obtained from the National Population Registry, and information on the incidence of myocardial infarction (International Classification of Diseases, 10th revision, codes I21 and I22) was obtained from the National Public Registry (in which information on diagnoses at hospital discharge are recorded); all this information was obtained through December 31, 2007. Merging of the registries was performed by the Epidemiologic Centre of the Swedish National Board of Health and Welfare and was approved by the ethics committee at Uppsala University. Since March 1, 2004 , the electronic case-report form of the SCAAR requires that information about restenosis in every implanted stent be recorded at the time of any subsequent coronary angiography for a clinical indication.
The study and the statistical analysis were designed and interpreted by the authors, all of whom contributed to the final report and participated in the decision to submit the findings for publication. No stent manufacturer had any role in the study. 
Statistical Analysis
The study methods have been described in detail previously. 10 The primary objective was to evaluate late-occurring events after the implantation of a drug-eluting stent. The primary end point was the composite of death or myocardial infarction. Secondary end points were death, myocardial infarction, and restenosis. To compensate for the nonrandomized design of this study, propensityscore methods 12 were used. The propensity score was defined as the conditional probability of receiving a drug-eluting stent on the basis of available variables and was estimated with a multiple logistic-regression model. All prespecified variables were included in the respective models (Table 1 ). To determine whether the propensity score would balance the baseline variables, a standardized mean of each variable was calculated for the drug-eluting-stent group. Standardization was performed according to the propensity-score distribution (categorized in deciles) in the baremetal-stent group.
To provide separate descriptions of the early and late relative risks of events, we performed "landmark analyses" 13 with a prespecified landmark set at 6 months. Adjusted relative risks were estimated with the use of Cox regression models in which the propensity score and the stent group were entered as covariates.
The risk of restenosis was evaluated in the complete sample of patients who received only one stent and in subgroups previously found to be at an increased risk for restenosis. 5, 14 We report the rate of restenosis at 1 year as well as the rate per 100 person-years, which was calculated as the ratio of the number of patients with an event within 1 year to the sum of the time at risk. The number of patients who would need to be treated with a drug-eluting stent to prevent one case of restenosis was calculated according to the method of Altman and Andersen. the cohort of 10,294 patients who received one drug-eluting stent and 18,659 patients who received one bare-metal stent at the index procedure (one-stent cohort), as well as of the total cohort of 19,681 patients who received at least one drugeluting stent and 28,286 patients who received one or more bare-metal stents but no drug-eluting stent. In the total cohort, the drug-eluting-stent group, as compared with the bare-metal-stent group, included a higher proportion of women and a larger number of patients who had features associated with a high risk of restenosis. In addition, more stents were implanted in the drugeluting-stent group than in the bare-metal-stent group. Pretreatment with clopidogrel was more common and treatment with glycoprotein IIb/IIIa inhibitors was less common in the drug-elutingstent group than in the bare-metal-stent group. The mean stent length was longer and the diameter smaller with drug-eluting stents than with bare-metal stents. On the other hand, as compared with patients in the drug-eluting-stent group, patients in the bare-metal-stent group were older and more likely to have cancer, threevessel disease, and incomplete revascularization. Patients in the bare-metal-stent group were also treated with primary PCI for ST-segment elevation myocardial infarction considerably more often than patients in the drug-eluting-stent group (Table 1). After adjustment for the propensity score, however, the groups were similar with respect to all baseline characteristics. Baseline characteristics for the one-stent cohort, stratified by year of inclusion in the study, are shown in Table 1 of the Supplementary Appendix (available with the full text of this article at NEJM.org). The regional differences in the use of drug-eluting stents were large and persisted over time. The frequencies of pretreatment with clopidogrel and the use of primary PCI for STsegment elevation myocardial infarction increased in both the drug-eluting-stent group and the baremetal-stent group over the course of the study. The average rate of use of drug-eluting stents during the entire period was 35. 6% (18.8% in 2003, 32.9% in 2004, 47.7% in 2005, and 38.8% in 2006) . Paclitaxel-eluting stents (TAXUS Express and TAXUS Liberté, Boston Scientific) were used in 6247 patients (21.6% of all patients in the onestent cohort), sirolimus-eluting stents (CYPHER and CYPHER SELECT, Cordis, Johnson & Johnson) in 3351 (11.6%), and zotarolimus-eluting stents (Endeavor, Medtronic) in 686 (2.4%).
Death and Myocardial Infarction
During the 1 to 5 years of follow-up (mean, 2.7), a total of 5578 events occurred in 5046 patients in the one-stent cohort: 3198 myocardial infarctions (2044 in the bare-metal-stent group and 1154 in the drug-eluting-stent group) and 2380 deaths (1616 and 764 in the two groups, respectively). After adjustment for the propensity score, there was no overall difference in the composite incidence of death or myocardial infarction between the two groups (Fig. 1A) . During the initial 6 months, the event rate was lower in the drugeluting-stent group than in the bare-metal-stent group (relative risk, 0.79; 95% confidence interval [CI], 0.71 to 0.87), but this difference was offset by a higher event rate in the drug-eluting-stent group thereafter (relative risk, 1.11; 95% CI, 1.01 to 1.23). There were no significant differences in event rates among patients who received paclitaxel-eluting stents, those who received sirolimuseluting stents, and those who received zotarolimus-eluting stents (data not shown).
In the total cohort, 9812 events occurred in 8824 patients; 5565 had at least one myocardial infarction (3292 in the bare-metal-stent group and 2273 in the drug-eluting-stent group), and 4247 died (2706 and 1541 in the two groups, respectively), with no overall difference between the groups (Fig. 1B) .
Adjusted mortality alone in the one-stent cohort was lower with drug-eluting stents than with bare-metal stents during the initial 6 months (relative risk, 0.76; 95% CI, 0.64 to 0.91) and was similar thereafter (relative risk, 1.08; 95% CI, 0.94 to 1.24), with the result that there was no overall long-term difference between the groups (Fig.  1C) . The adjusted rate of myocardial infarction was also lower with drug-eluting stents than with bare-metal stents during the initial 6 months (relative risk, 0.79; 95% CI, 0.70 to 0.90) but was higher thereafter (relative risk, 1.16; 95% CI, 1.03 to 1.32), with the result that there was no overall difference between the groups (Fig. 1D) . In addition, in the total cohort, mortality and rates of myocardial infarction were similar between the groups (relative risk of death with drug-eluting stents, 0.96; 95% CI, 0.89 to 1.03; relative risk of myocardial infarction with drug-eluting stents, 1.01; 95% CI, 0.95 to 1.08) (see Fig. IA and IB in the Supplementary Appendix).
Outcome Stratified by Indication
In subgroups defined according to the indication for implantation of a stent, there were no significant differences in the outcomes between the drug-eluting-stent group and the bare-metalstent group. In the one-stent cohort, the adjusted event rate for the combined end point was lower with drug-eluting stents than with bare-metal stents during the initial 6 months but was similar during the subsequent period, with a similar pattern for all clinical indications (Fig. 2) .
Outcome Stratified by Year of First Stent Implantation
In the one-stent cohort of patients treated in 2003, the rate of the composite end point was similar in the two groups during the initial 6 months 
Figure 1. Cumulative Rates of the Primary Composite End Point and Two of the Secondary End Points.
Cumulative event rates, estimated at the mean propensity score, are shown for patients who received one drug-eluting stent and those who received one bare-metal stent (Panels A, C, and D) and for those who received one or more drug-eluting stents (regardless of whether they received a stent of another type at any time) and those who received only bare-metal stents (one or more) (Panel B ( Fig. 3A) . During the subsequent 4.5 years of follow-up, the event curves diverged, with a significantly higher rate in the drug-eluting-stent group than in the bare-metal-stent group. In the 2004 cohort, the event rates were similar during the initial 6 months (Fig. 3B) , as well as during the subsequent 3.5 years of follow-up. In contrast, in the 2005 and 2006 cohorts, there were significantly lower event rates in the drug-eluting-stent group during the initial 6 months ( Fig. 3C and  3D) , with similar event rates thereafter. In the 2003-2004 cohort, for whom data for up to 3 years were reported previously, extended follow-up for up to 5 years showed no significant difference in the primary event rates, because a trend toward a lower combined event rate with drug-eluting stents during the initial 6 months (relative risk, 0.89; 95% CI, 0.80 to 1.00) was offset by a higher event rate thereafter (relative risk, 1.19; 95% CI, 1.09 to 1.29) (Fig. II in the Supplementary Appendix).
Restenosis and New Revascularization
On the basis of SCAAR data for the period from March 2004 through May 2008, restenosis occurred in 683 of 12,358 patients who received bare-metal stents (5.5%), as compared with 387 of 8648 patients who received drug-eluting stents (4.5%). In a Cox regression analysis that adjusted for differences in baseline clinical characteristics of the patients as well as characteristics of the lesions and stents at baseline, the rate of restenosis was lower among patients who received drugeluting stents than among those who received bare-metal stents (relative risk, 0.43; 95% CI, 0.36 to 0.52) ( Table 2) . Accordingly, to prevent one case of restenosis per year, 39 lesions would need to be treated with drug-eluting stents. Stent diam- Cumulative rates of death or myocardial infarction, estimated at the mean propensity score, are shown for the first 6 months and for the subsequent period among patients who received one drug-eluting stent and those who received one bare-metal stent. The relative risks (with 95% confidence intervals) are for the occurrence of an event among patients who received a drug-eluting stent, as compared with those who received a bare-metal stent. CAD denotes coronary artery disease, and STEMI ST-segment elevation myocardial infarction.
The New England Journal of Medicine eter was the most important factor contributing to the reduction in the rate of restenosis with drug-eluting stents. For stents that were less than 3 mm in diameter, the absolute rate of restenosis at 1 year was 3.6 percentage points lower with drug-eluting stents than with bare-metal stents; the corresponding adjusted risk reduction was 65%, and the number needed to treat was 22.
The number needed to treat was more than twice as high in the case of larger stents. The incidence of clinical restenosis was highest among patients with diabetes who received bare-metal stents that were 20 mm long or longer and less than 3 mm wide; the absolute rate of restenosis for this subgroup was 8.3 percentage points higher per year than the rate for patients with diabetes who received equivalent-size drug-eluting stents, and the number needed to treat was 10. Cumulative rates of death or myocardial infarction, estimated at the mean propensity score, are shown for the first 6 months and for the subsequent period among patients who received one drug-eluting stent and those who received one bare-metal stent. The relative risks (with 95% confidence intervals) are for the occurrence of an event among patients who received a drug-eluting stent, as compared with those who received a bare-metal stent.
The In the group that received drug-eluting stents, 1571 patients (15.3%) underwent a repeat PCI and 222 (2.2%) underwent coronary-artery bypass grafting during the 1 to 5 years of follow-up. In the bare-metal-stent group, the corresponding numbers were 2780 (14.9%) and 501 (2.7%), respectively. Among the 1423 patients who received a second stent, the median intervals to repeat PCI were similar (696 days in the drug-elutingstent group and 693 in the bare-metal-stent group). In a Cox regression analysis, the drugeluting-stent group, as compared with the baremetal-stent group, had lower adjusted rates of any repeat revascularization (relative risk, 0.89; 95% CI, 0.83 to 0.96) and of a repeat PCI (relative risk, 0.90; 95% CI, 0.84 to 0.97). In addition, the rate of coronary-artery bypass grafting tended to be lower in the drug-eluting-stent group than in the bare-metal-stent group (relative risk, 0.87; 95% CI, 0.72 to 1.06).
Discussion
In this study, we evaluated the long-term outcome with drug-eluting stents as compared with baremetal stents in a very large cohort of unselected, consecutive patients, from all interventional centers in Sweden, in whom a coronary stent was implanted. The conclusion of our previous study 10 was based on the total patient population for the 2003-2004 period, which included patients who received multiple stents. With the extended study period, we were able to collect data on a sufficient number of patients (28,953) and primaryoutcome events to evaluate patients who received only one stent (either a drug-eluting stent or a bare-metal stent) during the index procedure. This one-stent cohort was more than 30% larger than the total patient cohort in the earlier SCAAR study, which included patients who received any number of stents (19, 771) , 10 and the total number of patients in a network meta-analysis that included 23 randomized trials (18,023). 4 The onestent cohort allowed for adjustments for lesion, vessel, and stent characteristics in the multivariable analyses, which provided a better balance between the drug-eluting-stent group and the bare-metal-stent group. The availability of this information reduced the difference in the outcome between the two cohorts, explaining in part the difference between the findings for the previous total cohort and the current one-stent cohort.
One factor that may explain the difference in the outcome between the current and previous analyses is a change in the outcome over time, with an early outcome that became gradually worse in the bare-metal-stent group and gradually better in the drug-eluting-stent group. The most important change in clinical practice during the extended study period was an increase in the use of primary PCI for patients with ST-segment elevation myocardial infarction. The proportion of such patients who received stents increased more in the bare-metal-stent group than in the drug-eluting-stent group. An increasing proportion of patients pretreated with clopidogrel, progressively higher balloon pressures, and a gradual increase in the duration of clopidogrel treatment after the implantation of drug-eluting stents might have contributed to the relatively lower rate of late events in the drug-eluting-stent group in the current study as compared with the rates in our previous study.
The average use of drug-eluting stents increased during the study period, but the variations among centers and among indications for stent implantation remained large. Although the geographic differences accounted for most of the difference in the use of drug-eluting stents, stent selection was also based on risk criteria for restenosis, as suggested by the higher percentage of patients with high-risk clinical and angiographic features in the drug-eluting-stent group. 17 Stent selection was also based on the clinical risk of an adverse outcome, since ST-segment elevation myocardial infarction was more common in the bare-metal-stent group. However, the multivariable propensity-score analysis was very effective in adjusting for differences in the characteristics for which we had data (Table 1) .
There was no significant difference in the primary composite end point between the drugeluting-stent group and the bare-metal-stent group during long-term follow-up. In the initial 6 months, mortality tended to be lower in the group that received drug-eluting stents than in the group that received bare-metal stents, a finding that is consistent with the results of other registry studies. 5, 8, 18 In contrast to the results of our previous study of SCAAR data, the current study shows no late-occurring increase in mortality after implantation of drug-eluting stents. This finding is consistent with the results of randomized trials, meta-analyses, and large-scale regis- try studies. 4, 19, 20 Although late and very-late stent thromboses appear to occur infrequently, 8, 9 they might still affect mortality. 21 The lower clinical need for reinterventions with drug-eluting stents (with an adjusted rate that was 10% lower than that with bare-metal stents) may, however, have led to a subsequent reduction in fatal events, offsetting a possible increase in the risk of late stent thrombosis. 22 There seemed to be a trend toward a very-late increase in the rate of myocardial infarction among patients who received drug-eluting stents, a finding that is consistent with the slightly higher rate of myocardial infarction after the cessation of clopidogrel therapy in other registry studies and in extended follow-up analyses of data from randomized trials. 5, 8, 23, 24 However, the upward shift in the rate of myocardial infarction that occurred very late in the drug-eluting-stent group appears to represent an increased event rate only among patients who were treated in 2003, rather than an actual increase of events in the total cohort. Unmeasured selection bias during the period when drug-eluting stents were first available may have contributed to this result. In the subgroups of patients who had stent procedures in 2004, 2005, and 2006 , the event rates were similar between the drug-eluting-stent group and the bare-metal-stent group, without any signal of an increase in late events.
The average crude absolute rate of restenosis at 1 year was low with both stent types and was 1.5 percentage points lower with drug-eluting stents than with bare-metal stents, corresponding to an average 50% relative reduction in the adjusted rate of clinical restenosis. The overall absolute rate of restenosis in this study was lower than the rates in randomized clinical trials but similar to the rates in other registry studies. [25] [26] [27] The low rates of restenosis and of reintervention after implantation of bare-metal stents and the small absolute difference between these rates and the rates for drug-eluting stents do not support the use of drug-eluting stents in patients who are at low or intermediate risk for restenosis. On the basis of the data from the one-stent cohort, this trial clearly shows that when lesions require stents that are less than 3 mm in diameter and 20 mm or more in length, the event rate for restenosis with bare-metal stents is approximately 11 per 100 person-years in patients without diabetes and 15 per 100 person-years in patients with diabetes, a risk that is reduced with drug-eluting stents to approximately 4 in patients without diabetes and 5 in patients with diabetes. For patients with such lesions, drug-eluting stents provide a clear clinical benefit, with one case of restenosis averted for every 10 to 14 lesions treated -a number needed to treat that is reduced by a factor of four as compared with that for patients at average risk and by a factor of six as compared with that for patients at low risk for restenosis.
The inherent limitations of a nonrandomized, registry study should be acknowledged. Despite appropriate statistical adjustments, unknown confounders may have affected the results. Moreover, it is not possible to attribute individual events to the individual stents or the stented vessel. Another major limitation of our study is the lack of information about the duration of clopid ogrel treatment, making it impossible to determine whether the timing of events was related to discontinuation of the drug. 8 Prolongation of clopid ogrel treatment in later years may have contributed to the differences in the outcome over time.
In conclusion, in the present study, which included a very large, consecutive cohort of all patients who received a coronary stent in Sweden during a 4-year period and who were followed for 1 to 5 years, there was no difference in long-term survival or in the risk of myocardial infarction between the patients who received drug-eluting stents and those who received bare-metal stents. Among patients who required stents that were less than 3 mm in diameter and 20 mm or more in length, there was a relative reduction of approximately 70% and an absolute reduction of more than 10 percentage points in the rate of clinical restenosis. Thus, the use of drug-eluting stents is safe and, in patients with lesions at high risk for restenosis, is also very effective in reducing the risk of clinical restenosis.
